Context: Apolipoprotein (apo) C-III is associated with hypertriglyceridemia and progression of cardiovascular disease. Plasma apoC-III is elevated in centrally obese men, and we hypothesized that the kinetics of apoC-III are disturbed in these subjects.
D
yslipidemia is a major independent risk factor for cardiovascular disease (CVD) in individuals with obesity and/or type 2 diabetes (1). Apolipoprotein (apo)C-III, an important regulator of lipoprotein metabolism, is strongly associated with hypertriglyceridemia (HTG) and progression of CVD (2, 3) . ApoC-III impairs the lipolysis of triglyceride-rich lipoproteins (TRLs) by inhibiting lipoprotein lipase (4) and the hepatic uptake of TRLs by the low-density lipoprotein (LDL) receptor (5) . In the circulation, apoC-III is associated with TRL and high-density lipoproteins (HDL). We and others have previously reported that increased apoC-III concentrations, resulting from an overproduction of very low-density lipoprotein (VLDL)-apoC-III (6) , are strongly associated with delayed catabolism of triglycerides and apoB in VLDL (7, 8) . Compared with TRLs, little is known about the role of apoC-III in HDL metabolism. There is some evidence that HDL-apoC-III concentration is positively correlated with HDL-cholesterol and HDL-apoA-I levels (9) .
ApoC-III exchanges between TRLs and HDL. During hydrolysis of VLDL-triglycerides by lipoprotein lipase, apoC-III redistributes from VLDL to HDL (10) and is then transferred back to newly synthesized VLDL (11) . However, the mechanism responsible for regulating apoC-III exchange remains unknown. In vitro studies and in vivo radiotracer studies have demonstrated rapid exchange and equilibration between VLDL and HDL particles (12) (13) (14) . Other radioisotope studies have suggested nonequilibrating pools of apoC-III that do not exchange between VLDL and HDL (15) (16) (17) . More recently endogenous stable isotope tracer studies suggested nonequilibrating pools of VLDLand HDL-apoC-III (18, 19) . The discrepancies in these findings might be related to methodological limitations inherent in the isolation of apoC-III from HDL. Using a new method for isolation of HDL-apoC-III, we demonstrated that the kinetics of apoC-III in VLDL and HDL are similar, supporting the concept of a single kinetically homogeneous pool of apoC-III in plasma (20) .
In the present study, we examined the kinetics of apoC-III in VLDL and HDL in centrally obese and nonobese men. Using the apoC-III tracer data, we developed a simple compartmental model that best describes apoC-III kinetics in plasma. Given that plasma concentration of apoC-III is elevated in men with visceral obesity as we previously reported (21), we also aimed to test the hypothesis that the kinetics of VLDL-and HDL-apoC-III are disturbed in these subjects. We also examined the associations of these defects with the kinetics of VLDL-apoB and HDL-apoA-I.
Subjects and Methods

Subjects
Thirty-nine centrally obese (waist circumference Ͼ 100 cm) and 12 nonobese men (waist circumference Ͻ 100 cm, plasma triglyceride Ͻ 1.7 mmol/liter and LDL-cholesterol Ͻ 2.60 mmol/liter) were recruited from the community. None of subjects had diabetes mellitus (excluded by oral glucose tolerance test), apoE2/E2 genotype, macroproteinuria, creatinemia (Ͼ120 mol/liter), hypothyroidism, abnormal liver enzymes, a history of CVD; were on any medication or agents known to affect lipid metabolism; or consumed more than 30 g alcohol per day. The study was approved by the Ethics Committee of the Royal Perth Hospital.
Clinical protocols
All subjects were admitted to the metabolic ward in the morning after a 14-h fast and studied in a semirecumbent position. Baseline venous blood collected from all participants for measurement of biochemical analytes. A single bolus of d 3 -leucine (5 mg/kg body weight) was administered iv. Blood samples were taken at baseline; at 5, 10, 20, 30, and 40 min; and 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, and 10 h after isotope injection and additional fasting blood was collected in the morning on the following 4 d of the same week (24, 48, 72, 96 h).
Biochemical measurements
Laboratory methods for measurements of lipids, lipoproteins, and other biochemical analytes have been previously detailed (21, 22) . Insulin resistance was calculated using a homeostasis model assessment (HOMA) score. HDL-apoC-III and VLDL-apoC-III were determined by electroimmunodiffusion using a Hydragel LP CIII electroimmunodiffusion kit (Sebia, Moulineaux, France) (23) .
Isolation of apolipoproteins and measurement of leucine enrichment ApoB
The laboratory methods for the isolation and measurement of the isotopic enrichment apoB have been previously fully described by Chan et al. (21) . Briefly, apoB in the VLDL fraction was separated by ultracentrifugation, precipitated by isopropanol, delipidated, hydrolyzed, and derivatized with acetonitrile/N-methyl-N-(tert-butyldimethylsilyl)-trifluoroacetamide. Isotopic enrichment was then determined by selected ion monitoring of derivatized samples at a mass to charge ratio of 305 and 302. Tracer to tracee ratios were derived from isotopic ratios for each sample.
ApoA-I
Laboratory methods for isolation and measurement of isotopic enrichment have been previously detailed (24) . Briefly, apoB was precipitated from 250 l plasma using heparin (25 l) and 12.5 l of 2.0 M MnCl 2 . Sixty microliters of 64% CsCl were added to 200 l of heparin/ manganese-treated plasma to adjust the density to 1.21 g/ml. HDL was subsequently isolated from 230 l of this sample by ultracentrifugation (Optima XL-100K, Beckman Coulter, Fullerton, Australia). ApoA-I was isolated using PAGE and transferred to polyvinylidene fluoride (PVDF) membrane. The apoA-I band was excised from the membrane, hydrolyzed with 200 l 6 M HCL at 110 C for 16 h, and dried for derivatization using the oxazolinone method as previously described (25) .
ApoC-III
The methods used for the isolation of lipoproteins and apoC-III have been described previously (20) . Briefly, 3 ml plasma was used for isolation of 1 ml VLDL (Ͻ1.006 kg/liter) and 1 ml HDL (1.063-1.21 kg/liter) fractions by sequential ultracentrifugation at 40,000 rpm in a Ti 50.4 rotor (Optima LE-80K; Beckman Coulter). The VLDL and HDL samples were then prepared for isoelectric focusing (IEF) gel electrophoresis. VLDL (200 l) from each time point was delipidated and reconstituted in 50 l of IEF sample buffer [8 M urea; 0.001% (wt/vol) bromphenol blue]. HDL (1 ml) from each time point was prepared using an Intralipid method to isolate HDL-apoC-III (20) . Briefly, 1 ml of sodium chloride solution (1.006 kg/liter) was added to 1 ml of HDL from each time point. Twenty percent IL emulsion (20% triglyceride, 1.2% phospholipid, and 2.2% glycerol; Fresenius Kabi AB, Uppsala, Sweden) was diluted to 1% using saline solution, and 1 ml was added to each tube. The suspensions were mixed by inversion and ultracentrifuged for 24 h at 40,000 rpm. After centrifugation, the IL layer (0.5 ml) was aspirated into 15-ml disposable polypropylene tubes (Sarstedt, Newton, NC). Ten milliliters of acetone-ethanol (1:1) solution were then added to each sample, mixed at 4 C for 30 min, and delipidated overnight at Ϫ20 C. The resulting protein precipitates were reconstituted in 100 l IEF sample buffer. apoC-III was isolated by preparative IEF gel electrophoresis [8 M urea; 7.5% acrylamide; 1.5% ampholytes (pH 4 -6); 16 h; 200 V; 4 C], transferred to PVDF membranes (Immobilon; Millipore, Bedford, MA), and stained with Coomassie Brilliant Blue R250. IEF resolves apoC-III into three isoforms, apoC-III 0 , apoC-III 1 , and apoC-III 2 . ApoC-III 1 is the most abundant isoform, and radiotracer studies support that the kinetics of apoC-III isoforms are similar (12, 26, 27) . apoC-III in the present study refers to the apoC-III 1 isoform. The apoC-III 1 protein bands were excised from the PVDF membranes, hydrolyzed and derivatized using a modified oxazolinone method (25) , and analyzed by negative ion chemical ion-ization gas chromatography-mass spectrometry. The isotopic enrichment was determined as the tracer to tracee ratio of monitored selected ions at a mass to charge ratio of 212 (derived from d 3 -leucine) and 209 (derived from unlabeled leucine).
Model of apolipoprotein metabolism and calculation of kinetic parameters
Models of apoB and apoA-I and calculation of kinetic parameters have been previously described (21, 24) . Figure 1 shows two compartment models developed, using the SAAMII program (Resource Facility for Population Kinetics, University of Washington, Seattle, WA), to describe apoC-III tracer data. Both models have a four-compartment leucine subsystem (compartments 1-4), as described previously for the apoB model (21) , that describes the plasma leucine tracer data. Compartment 1 is connected to compartment 5, a compartment that accounts for the intrahepatic delay associated with synthesis and secretion of apoC-III into plasma. In model A, compartments 6 and 7 represent apoC-III associated with the VLDL and HDL particles, respectively. In model B, compartment 6 represents apoC-III associated with either VLDL or HDL particles. The compartment models were fitted to the apoC-III tracer data to derive the fractional catabolic rates (FCR) for apoC-III and expressed as pools/day.
Calculation of kinetic parameters
Given that VLDL-and HDL-apoC-III FCRs are equivalent, as we previously reported (20) , the production rates (PRs) for apoC-III in VLDL and HDL were derived as the product of VLDL-apoC-III FCR and their corresponding pool sizes and expressed as milligrams per kilogram per day. Pool size was calculated as the product of apoC-III concentration (milligrams per liter) and plasma volume (0.045 liters/kg), with a correction factor to adjust for the decrease in relative plasma volume associated with an increase in body weight (28) .
Statistical analysis
All analyses were carried out using SPSS software version 11.5 (SPSS, Inc., Chicago, IL). Skewed variables were logarithmically transformed. Comparisons between centrally obese and nonobese control subjects were performed using unpaired t test. Associations were examined by univariate and multiple regression modeling including covariates [i.e. body mass index (BMI) and insulin resistance] that are known to influence HDL-apoA-I kinetics. Significance was defined at the 5% level using a two-tailed test. Table 1 shows the clinical and biochemical characteristics of the centrally obese and nonobese men. As expected, centrally obese men had significantly higher body weight, BMI, waist circumference, and waist to hip ratio, compared with the nonobese group (P Ͻ 0.001). Plasma glucose (P Ͻ 0.05), insulin, and HOMA scores were significantly higher in the centrally obese group (P Ͻ 0.001). The centrally obese group had significantly (P Ͻ 0.001) higher plasma cholesterol, triglycerides, LDL cholesterol, apoB, and plasma apoC-III but lower HDL cholesterol (P Ͻ 0.05), compared with nonobese men. Figure 2 shows the isotopic enrichment of apoC-III with d 3 -leucine in the VLDL and HDL fractions in centrally obese and nonobese subjects. Within each subject group, the VLDL-and HDL-apoC-III isotopic enrichment curves were identical. VLDL-and HDL-apoC-III tracer curves are also identical when fresh plasma is used for the isolation and measurement of apoC-III kinetics (data not shown). To further corroborate our earlier finding that the FCR of VLDL-and HDL-apoC-III were similar (20), we show, using the model in Figure 1B VLDL-apoC-III FCR was also significantly (P Ͻ 0.001) correlated with HDL-apoC-III FCR in both nonobese and centrally obese subjects (r ϭ 0.998 and r ϭ 0.931, respectively).
Results
ApoC-III enrichment and model development
As described above, the apoC-III model shown in Fig. 1A includes the secretion of apoC-III into the VLDL and HDL fractions, the exchange of apoC-III between VLDL and HDL, and the removal of apoC-III from plasma via both VLDL and HDL. It is the most general compartment model of apoC-III that is consis- tent with our understanding of apoC-III metabolism. From a theoretical standpoint, there is a unique solution or set of model parameters that can be determined for this model. Although the compartment model fits the apoC-III tracer data, the model parameters cannot be estimated with any degree of precision because of the rapid exchange of apoC-III between the VLDL and HDL fractions. We also investigated several alternative compartment models to describe the apoC-III tracer data. The model shown in Fig. 1B was the simplest model that described apoC-III kinetics in the VLDL and HDL fractions. This model describes apoC-III kinetics using a single, homogeneous plasma compartment that fits the VLDL-and HDL-apoC-III tracer data separately and estimates FCR with high precision. Table 2 shows the VLDL-and HDL-apoC-III concentrations and corresponding kinetic parameters in the subject studied. Compared with nonobese subjects, VLDL-apoC-III concentrations were significantly (P Ͻ 0.001) increased in centrally obese subjects, owing to elevated apoC-III PR (P Ͻ 0.05) and reduced apoC-III FCR (P Ͻ 0.05). Centrally obese men had significantly (P Ͻ 0.001) elevated HDL-apoC-III concentration and reduced apoC-III FCR, compared with nonobese men. Centrally obese men also had significantly elevated VLDL-apoB concentration (95.7 Ϯ 5.8 vs. 41.6 Ϯ 6.5 mg/liter, P Ͻ 0.001), related to both reduced VLDL-apoB FCR (4.1 Ϯ 0.2 vs. 6.2 Ϯ 0.9 pools/d, P Ͻ 0.05) and elevated VLDL-apoB PR (14.6 Ϯ 1.1 vs. 9.6 Ϯ 1.0 mg/kg⅐d, P Ͻ 0.05). Compared with controls, centrally obese subjects had significantly elevated HDL-apoA-I FCR (0.28 Ϯ 0.01 vs. 0.20 Ϯ 0.01 pools/d, P Ͻ 0.01) and a trend toward increased HDL-apoA-I PR (13.6 Ϯ 0.6 vs. 11.8 Ϯ 0.9 mg/kg⅐d, P ϭ 0.140) that accounted for no significant difference in HDLapoA-I concentrations (1.2 Ϯ 0.03 vs. 1.3 Ϯ 0.07 g/liter, P ϭ 0.236). Nonobese men had significantly higher concentration and PR of HDL-apoC-III than VLDL-apoC-III.
VLDL-and HDL-ApoC-III metabolism in centrally obese and nonobese men
In a pooled analysis, VLDL-apoC-III and HDL-apoC-III concentrations were significantly (P Ͻ
. Waist circumference and BMI were significantly (P Ͻ 0.05 for both) associated with VLDL-apoC-III PR (r ϭ 0.326 and r ϭ 0.342, respectively). In a multiple regression model including age and HOMA score, waist circumference was an independent and significant predictor (P Ͻ 0.05) of VLDLapoC-III (model adjusted R 2 ϭ 21%, P Ͻ 0.01), HDL-apoC-III concentrations (model adjusted R 2 ϭ 30%, P Ͻ 0.01), and VLDL-apoC-III PR (model adjusted R 2 ϭ 11%, P Ͻ 0.05). Table 3 shows the association of VLDL-apoC-III and HDLapoC-III kinetics in centrally obese men. VLDL-apoC-III concentrations were significantly and positively associated with HDL-apoC-III concentrations, and both were also significantly associated with the PR of VLDL-apoC-III and HDL-apoC-III. The FCRs of VLDL and HDL-apoC-III were both positively associated with the PRs of VLDL-apoC-III and HDL-apoC-III. Table 4 shows the associations of VLDL-apoC-III and HDLapoC-III kinetics with VLDL-apoB and HDL-apoA-I kinetics in centrally obese men. VLDL-apoC-III and HDL-apoC-III concentrations were both significantly and positively associated with VLDL-apoB concentration, the FCR and PR of HDLapoA-I and inversely with VLDL-apoB FCR. Similar associations were found between plasma total apoC-III concentration and the corresponding kinetic parameters. VLDL-apoC-III concentration was significantly associated with the PR of VLDLapoB (r ϭ 0.348, P Ͻ 0.05). The FCRs of VLDL-and HDLapoC-III were also significantly and positively associated with VLDL-apoB FCR (P Ͻ 0.05). The PRs of VLDL and HDL-apoC- III were both positively associated with VLDL-apoB concentration and the PRs of VLDL-apoB and HDL-apoA-I. Plasma triglyceride concentration was also significantly (P Ͻ 0.01) associated with the concentrations of plasma apoC-III (r ϭ 0.735), VLDL-apoC-III (r ϭ 0.736), and HDL-apoC-III (r ϭ 0.477) as well as VLDL-apoC-III PR (r ϭ 0.575) and HDLapoA-I FCR (r ϭ 0.438). Correlations from pooled analyses of centrally obese and nonobese subjects were consistent with those observed in the centrally obese men (data not shown). In stepwise multiple regression analysis including age, BMI, HOMA score, plasma triglyceride, and apoC-III, plasma triglyceride was the best predictor of HDL-apoA-I FCR (␤-coefficient ϭ 0.438, P Ͻ 0.01).
Correlations
In multiple regression models including BMI and HOMA score, VLDL-apoC-III concentration was an independent and significant predictor of HDL-apoA-I FCR (model 1 ␤-coefficient ϭ 0.326, adjusted R 2 ϭ 14%, P ϭ 0.04). HDL-apoC-III (model 2 ␤-coefficient ϭ 0.404, adjusted R 2 ϭ 20%, P ϭ 0.01), total apoC-III (model 3 ␤-coefficient ϭ 0.360, adjusted R 2 ϭ 16%, P ϭ 0.02), or plasma triglyceride (model 4 ␤-coefficient ϭ 0.400, adjusted R 2 ϭ 18%, P ϭ 0.02) concentrations were also independent predictors in the same regression models. The corresponding ␤-coefficients of BMI in models 1-4 were 0.232, 0.232, 0.231, and 0.230, respectively (P Ͼ 0.05), whereas HOMA scores were 0.114, 0.077, 0.102, and 0.024, respectively (P Ͼ 0.05). The addition of VLDL-apoB FCR did not alter the findings (data not shown).
In nonobese subjects, there were no significant associations between the apoC-III kinetic parameters and VLDL-apoB or HDL-apoA-I kinetic parameters. VLDL-apoC-III concentration was significantly correlated with VLDL-apoC-III PR and plasma triglycerides (r ϭ 0.94 and r ϭ 0.76, respectively, P Ͻ 0.01 for both). Plasma apoC-III concentration was also significantly (P Ͻ 0.01) correlated with plasma triglycerides (r ϭ 0.88, P Ͻ 0.01).
Discussion
We have developed a simple compartmental model, based on our previous findings supporting rapid exchange of apoC-III between VLDL and HDL particles, which best describes the kinetics of apoC-III in plasma. Our major findings were that, compared with nonobese men, centrally obese men had significantly elevated VLDL-and HDL-apoC-III concentrations, as a consequence of elevated production of VLDL-apoC-III and reduced catabolism of both VLDL-and HDL-apoC-III. Central obesity as reflected by waist circumference is an independent predictor of elevated VLDL-apoC-III production that leads to elevations in apoC-III concentration and consequently higher plasma triglycerides. Another new finding was that both VLDL-and HDLapoC-III concentrations were positively associated with HDLapoA-I hypercatabolism, independent of BMI and insulin resistance. Given that hypercatabolism of apoA-I is a major determinant of low HDL-cholesterol, our findings are important because they highlight not only the principal role of apoC-III in regulating triglyceride-rich lipoprotein metabolism but also consequently its effect on the kinetics of HDL-apoA-I in obesity. Collectively, these results provide a mechanistic explanation for raised plasma apoC-III concentrations in obesity that may lead to hypertriglyceridemia and low HDL-cholesterol and contribute to the increased cardiovascular risk observed in such subjects.
ApoC-III model
Early radioisotope studies demonstrated rapid exchange of apoC-III between VLDL and HDL fractions in both hyperlipidemic and normolipidemic subjects (12, 14, 29) . Several stable isotope studies, using endogenous labeling and the primed constant infusion protocol, have shown divergence of the VLDL and HDL apoC-III enrichment curves, suggesting the presence of kinetically distinct pools of VLDL-and HDL-apoC-III (18, 19) . However, we previously demonstrated that IEF separation of HDL apoC-III and the subsequent measurement of tracer enrichment could be inaccurate owing to amino acid or protein contamination from background amino acids accumulated during isolation procedures, and proteins in the sample that are unresolved on the gel. To overcome this, we used Intralipid extraction before IEF protein separation to isolate apoC-III from HDL free of other protein contamination. Using this IL method (20) , we found that the isotopic enrichments of apoC-III in VLDL and HDL are identical in both obese and normolipidemic subjects (Fig. 2) . This is consistent with a rapid exchange of apoC-III between VLDL and HDL fractions. The kinetic parameters of our apoC-III model (Fig. 1A) could not therefore be determined with any degree of precision, given the multiple sets of model parameters that can fit the apoC-III tracer data. Because the kinetics of apoC-III in the VLDL and HDL fractions are indistinguishable and hence the exchange between VLDL and HDL cannot be measured, we developed a simple model to describe the kinetics of apoC-III in VLDL and HDL fractions (Fig. 1B) . This model fitted the tracer data well, allowing the FCRs to be determined with acceptable level of precision. We propose that future studies could use this simple model to determine the kinetics of apoC-III in the individual VLDL and HDL fractions or possibly even in total plasma.
Instead of using primed constant infusion method, we used a bolus infusion protocol to endogenously label apolipoproteins. The bolus administration of tracer is better than the primed constant infusion because the apoprotein tracer data display greater dynamics by virtue of the pulse administration tracer. It is more suitable to the study of lipoprotein metabolism, including lipoproteins with a slow rate of turnover, such as apoA-I in HDL. The bolus dose also better facilitates the determination of newly synthesized particles because the intracellular precursor enrichment is greater at the start of the study. Moreover, the clinical protocol of the bolus approach is more convenient for both subjects and researchers.
ApoC-III kinetics in centrally obese and nonobese men
Elevated concentrations of plasma apoC-III have been associated with HTG and the progression of CVD. We and others had previously examined apoC-III kinetics in men with wide-ranging BMI and patients with HTG (types IIb and III) (6, 8) . Our present data extend previous studies by using a larger sample size and examining the association of VLDL-and HDL-apoC-III kinetics with VLDL-apoB and HDL-apoA-I kinetics in centrally obese and nonobese subjects. Previous studies demonstrated that central obesity plays an important role in regulating lipoprotein metabolism. Consistent with this, we found using a pooled analysis that waist circumference was a significant predictor of plasma concentrations of VLDL-apoC-III and HDL-apoC-III as well as the VLDL-apoC-III production. Furthermore, our results demonstrate that in centrally obese subjects, VLDL-apoC-III concentration is significantly correlated with its PR as well as VLDL-apoB concentration and its corresponding FCR, consistent with previous studies (6, 7) . We also observed that the production rate of VLDL-apoC-III and VLDL-apoB was significantly associated. The precise reason for this remains unclear, although a recent study by Sundaram et al. (30) demonstrated, in vitro, that oversecretion of apoC-III stimulated apoB synthesis and VLDL assembly and secretion. However, it may also relate to the metabolic effect of insulin resistance and/or increased visceral fat by driving the production of these lipoproteins, given that the above-mentioned associations were not observed in the nonobese group.
Unlike VLDL-apoC-III, little is known about HDL-apoC-III metabolism and its associations with other lipoproteins. Previous studies using radioisotopes and stable isotopes examined HDL-apoC-III metabolism but not in obese subjects. In radiotracer studies, Le et al. (9) observed in nonobese subjects with a wide range of triglyceride and HDL-cholesterol concentrations that HDL-apoC-III concentration was positively associated with HDL-apoA-I concentration and inversely with HDL-apoA-I-FCR. More recently Cohn et al. (18) demonstrated, using endogenous labeling methodology, that HDL apoC-III PR was correlated with HDL apoA-I concentration and residence time. Using an improved isolation method for HDL-apoC-III with a larger sample size, we found that HDL-apoC-III concentration was significantly elevated in centrally obese men, compared with nonobese men, owing to reduced catabolism. However, HDLapoC-III concentration was significantly and directly correlated with both FCR and PR of HDL-apoA-I in centrally obese men, inconsistent with previous studies. Several factors could account for the discrepancies among different studies. Other studies did not specifically examine kinetics in obese subjects in whom obe-sity and insulin resistance markedly impact on HDL-apoA-I metabolism. Compared with the study by Le et al. (9) , our nonobese subjects (n ϭ 12) had much lower triglyceride concentrations (0.3-1.2 mmol/liter, mean value of 0.75 mmol/liter). As discussed below, triglyceride content in VLDL and HDL could be a key factor modulating the catabolism of HDL-apoA-I. That we did not confirm the findings by Cohn et al. (18) was probably due to the differences in laboratory methods used to isolate HDLapoC-III, and as discussed earlier, our Intralipid method results in improved purity of HDL-apoC-III isolated from plasma. We also found that HDL-apoC-III PR was strongly associated with its FCR.
An important finding was that in centrally obese subjects, the significant association between VLDL-or HDL-apoC-III concentration and HDL-apoA-I kinetics was independent of BMI and insulin resistance. Radiotracer studies demonstrated that enhanced HDL-apoA-I clearance is dependent on triglyceride enrichment of HDL (31) . Triglyceride-enriched HDL, generated by increased neutral lipid exchange with VLDL, is a preferred substrate for hepatic lipase, which accelerates the catabolism of these thermodynamically unstable HDL particles (32) . Consistent with the direct role of triglycerides in regulating apoA-I catabolism, we found that plasma triglyceride was the best predictor of HDL-apoA-I FCR. Given the functional role of apoC-III in inhibiting the hydrolysis of triglycerides, it is conceivable that accumulation of apoC-III in plasma will favor the formation of unstable triglyceride-rich HDL particles, thereby increasing the FCR of HDL-apoA-I. This notion is consistent with our present findings that both elevated VLDL-and HDL-apoC-III and triglyceride concentrations are independent determinants of hypercatabolism of HDL-apoA-I. Whether these associations simply reflect an overall accumulation of apoC-III in plasma or an independent effect of VLDL-apoC-III and HDL-apoC-III on HDL catabolism merits further investigation. As shown in Table  4 , VLDL apoC-III concentration was associated with HDLapoA-I FCR. In contrast, apoC-III kinetic parameters were only weakly, and nonsignificantly, associated with HDL-apoA-I FCR. These findings would tend to support the concept that the relationship between apoC-III and HDL metabolism is secondary to the primary function of apoCIII and, furthermore, that the plasma concentration of apoC-III is a key determinant of lipoprotein metabolism rather than its rate of production or catabolism. Moreover, the correlations of apoC-III with kinetic variables in Tables 3 and 4 suggest that its association with VLDL-apoB and HDL-apoA-I kinetics could be accounted for by additional factors, including genetic variation or dietary intake (33) (34) (35) (36) . Consistent with this, we previously reported that the hepatic secretion of apoB was dependent on apoB signal peptide, apoE, cholesteryl ester transfer protein, microsomal triglyceride transfer protein, and ATP binding cassette transporter G8 gene polymorphisms (33, 34) .
Limitations
We did not study LDL-apoC-III metabolism. Given that LDLapoC-III may play an important role in mediating atherogenesis, further studies should examine LDL-apoC-III kinetics in these subjects. The lack of significant associations between apoC-III and apoB and apoA-I kinetics in nonobese men may reflect lack of statistical power. Hence, the findings need to be confirmed in a larger sample size. Although ultracentrifugation is a standard method to isolate lipoproteins in plasma, it could introduce artifacts in apolipoprotein distribution and affect the interpretation of the results. Isolation of apoC-III from frozen plasma may also affect the distribution of apolipoproteins. However, we previously found no significant differences between kinetic data derived from fresh and frozen samples. We did not measure triglyceride content in HDL particles, which could otherwise provide new information data on its association with HDL-apoA-I FCR and apoC-III kinetics. Further work is required to confirm whether our findings also apply to women and patients with type 2 diabetes mellitus as well as subjects of other ethnic groups.
The recognition of hypertriglyceridemia and low HDLcholesterol as independent predictors of CVD necessitates the identification of factors involved in the regulation of apoB and apoA-I metabolism. The results of large clinical studies have indicated that apoC-III concentrations are a better predictor of risk for the development and progression of CVD than triglycerides (2, 3) .
Elevated apoC-III concentrations are a common feature of lipid disorders seen in insulin-resistant and centrally obese subjects. Our kinetic studies of apoC-III metabolism provide new knowledge of the underlying mechanisms responsible for these related disorders in central obesity. Men with central obesity and insulin resistance have elevated plasma apoC-III, a product of elevated VLDL-apoC-III production and reduced VLDL-and HDL-apoC-III catabolism, which is associated with elevated VLDL-apoB concentration and increased HDL-apoA-I catabolism. This, together with new data supporting the role of apoC-III driving VLDL-apoB secretion, highlights the importance of therapies that might regulate apoC-III metabolism to manage dyslipidemia and CVD risk. Weight loss improves dyslipidemia in insulin-resistant, obese subjects (37) as is accompanied by reduction in apoC-III concentrations (Chan, D. C., T. W. K. Ng, P. H. R. Barrett, and G. F. Watts, unpublished observation). It is conceivable that improvement in insulin resistance with weight reduction may account for reduced apoC-III gene expression and plasma concentration, although this remains to be confirmed. Consistent with this hypothesis, Nagashima et al. (38) demonstrated that the peroxisomal proliferator-activated receptor-␥ agonist pioglitazone improved insulin sensitivity and reduced apoC-III secretion in dyslipidemic diabetic subjects. Future kinetic studies should also explore the mechanisms by which peroxisomal proliferator-activated receptor-␣ agonists reduce apoC-III concentrations and improve dyslipidemia.
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